Measurements of the top quark production cross section in proton-proton collisions with the ATLAS detector at the Large Hadron Collider are presented. The measurements require no, one or two electrons or muons in the final state (single lepton, dilepton, hadronic channel). In addition, the decay modes with tau leptons are tested (channels with tau leptons). The main focus is on measurements of differential spectra of tt final states, in particular, measurements that are able to constrain the modelling of additional parton radiation like the jet multiplicity distribution.
Introduction
A summary of top quark pair production cross section measurements made with the ATLAS detector [1] at the LHC [2] is presented. Section 2 presents the differential cross section measured in the +jets channel at √ s = 7 TeV over a range of kinematic variables. This provides a test of different Monte Carlo generators, theoretical models and Parton Density Function (PDF) sets. Section 3 presents an inclusive cross section result in the di-lepton eµ final state at √ s = 8 TeV which achieves, for this observable, the highest precision of any ATLAS result. Section 4 presents an inclusive cross section result in the +jets channel. Finally, in Section 5, a summary of all ATLAS top pair cross sections results, along with global comparisons, is presented.
Differential cross sections in +jets at
√ s = 7 TeV
The top quark pair production cross section, using the full L = 4.6 fb −1 integrated luminosity from the 2011 √ s = 7 TeV data set, has been measured differentially with respect to four variables.
• The transverse momentum of a single top quark, p t T , which is sensitive to higher order corrections and new physics signals in the high p T tail.
• The mass of the tt system, m tt , which is sensitive to possible deviation from the standard model due to exotic resonances.
• The transverse momentum of the tt system, p tt T , which is sensitive to additional radiation.
• The rapidity of the tt system, y tt , which provides important constraints to PDFs, especially at high x.
A summary of the main results of this measurement are presented, for more details please see [3] .
Event selection
Events are selected by requiring a single lepton trigger for either the electron or muon channel. All events are required to have passed a good runs list to ensure functional operation of all components of the detector.
High quality isolated electrons are required to have p T > 25 GeV and a pseudorapidity |η| < 2.47 with a veto on electron candidates in the transition region between the barrel and end-cap calorimeters (1.37 < |η| < 1.52). High quality isolated muons are required to have p T > 25 GeV and a pseudorapidity |η| < 2.5. At least four jets are required that have been reconstructed using the anti-k t algorithm [4] from topological clusters of energy depositions with a distance parameter of 0.4. Only jets with p T > 25 GeV and |η| < 2.5 are considered in the analysis. To select jets that come from the hard scattering and to suppress pile-up, the jet vertex fraction, defined as the sum of the p T of tracks associated with the jet and originating from the primary vertex divided by the sum of the p T from all tracks associated with the jet, is required to be greater that 0.75. At least one jet is required to be b-tagged at a 70% efficient working point.
The missing transverse momentum E miss T is derived from the vector sum of calorimeter cell energies within |η| < 4.9 and corrected on the basis of the dedicated calibrations of the associated physics objects. Significant cells not associated with high-p T physics objects are included. Events must have E A kinematic likelihood fitter [5] is used to fully reconstruct the tt kinematics and events are selected with a log L > −50.
Results
Events are unfolded using a regularized SVD [6] method, which is found to reduce large statistical fluctuations that can be introduced when directly inverting the migration matrix. The Asymmetric Iterative BLUE [7] method is used to combine the results measured in the electron and muon channels, where BLUE refers to the best linear unbiased estimator.
where p ν T is identified with E miss T and φ ν is the φ component of the E miss T
4-vector.
Selected measured distributions, shown in Figure 1 , are compared with the predictions of different MC generators. All generators use Herwig [8] for parton shower and hadronization, while the PDFs are different. The largest deviation between measurements and the predictions is observed in the case of p t T when comparing the measurement to Alpgen [9] for large values of p t T . In contrast, MC@NLO [10] and Powheg [11, 12] predict shapes closer to the measured distribution. There is a general trend observed in the data: the measured p t T is softer above 200 GeV than any of the predictions. On the other hand, all three MC generators describe the shape of m tt reasonably well. Selected distributions are also shown compared to QCD calculations at NLO (based on MCFM with the CT10 [13] PDF) and NLO+NNLL [14] (using the MSTW2008NNLO [15] PDF) in Figure 2 . These predictions do not include parton showering and hence cannot be precisely compared to the unfolded data. The uncertainties on the NLO predictions due to the PDFs have been evaluated at 68% CL using the provided CT10 error-PDF set. Another source of uncertainty considered is the one related to the factorization and renormalization scales. The nominal value has been assumed to be µ = m t = 175.2 GeV for both scales, and is varied up and down from m t /2 to 2m t . For the NLO QCD prediction, the theory uncertainty is taken as the envelope of the scale variations with respect to the nominal added in quadrature with the PDF uncertainties. For the NLO+NNLL prediction, the uncertainty comes from the same fixed scale variations and, in addition in the case of p t T , from the alternative dynamic scale µ = m 2 t + p t T 2 . The data is softer than both predictions in the tail of the p t T distribution, although not significantly. The predictions of various NLO PDF sets are evaluated using MCFM version 6.5, interfaced to four different PDF sets: CT10, MSTW20008NLO, NNPDF2.3 [16] and HERAPDF1.5 [17] . The uncertainties on the predictions include the PDF uncertainties and the fixed scale uncertainties already described. The comparisons between data and the different predictions are shown in Figure 3 for the normalized differential cross-sections. A certain tension between data and all predictions is observed in the case of p t T at high values. For the m tt distribution, one should note again that MCFM is effectively only a leading order calculation and resummation effects are expected to play an important role. likelihood selection applied. The tt production cross-section, σ tt , was determined by counting the number of opposite-sign eµ events with exactly one (N 1 ) and exactly two (N 2 ) b-tagged jets, ignoring any untagged jets which may be present. The two event counts can be expressed as:
1 b−tagged jet :
2 b−tagged jets :
where L is the integrated luminosity of the sample and eµ the efficiency for a tt event to pass the opposite-sign eµ preselection. The combined probability for a jet from the quark q in the t → W q decay to fall within the acceptance of the detector, be reconstructed as a jet with transverse momentum above the selection threshold, and be tagged as a b-jet, is denoted by b . Although this quark is almost always a b quark, b thus also accounts for the approximately 0.2% of top quarks that decay to W s or W d rather than W b, slightly reducing the effective tagging efficiency. If the decays of the two top quarks and the subsequent reconstruction of the two b-tagged jets are completely independent, the probability to tag both b-jets, bb , is given by bb = 2 b . In practice, small correlations are present for both kinematic and instrumental reasons, and they are taken into account via the tagging correlation C b , defined as C b = bb / 2 b . Backgrounds from sources other than tt → eµννbb also contribute to the event counts N 1 and N 2 , and are given by the background terms N were estimated using a combination of simulation and data-based methods, allowing the two equations to be solved yielding σ tt and b .
The dominant systematic uncertainties come from tt signal modelling, initial and final state radiation, PDF uncertainties, lepton identification and jet energy scale and resolution.
The pp → tt cross section is found to be:
where the four uncertainties arise from data statistics, experimental and theoretical systematic effecs, knowledge of the integrated luminosity and of the LHC beam energy.
4 Inclusive cross section in +Jets at √ s = 8 TeV
The top quark pair production cross section has been measured inclusively in the +jets channel, using L = 5.8 fb −1 integrated luminosity from the 2012 √ s = 8 TeV data set. A summary of this measurement is presented, for more details please see [19] .
The event selection broadly follows what was outlined in Section 2.1. Electrons and muons are required to have a p T > 40 GeV in order to reduce the W +jets and multijet background. The e+jets channel requires E The number of tt events is obtained from the data using a likelihood discriminant template fit, constructed from the lepton pseudorapidity and the transformed event aplanarity.
5 Summary of all ATLAS top pair cross section results 
